Introduction 47
Mutation and meiotic recombination are the main sources of genetic variation in 48 eukaryotes. In contrast, prokaryotes can rapidly diverge through other types of genetic exchange 49 collectively known as horizontal gene transfer (HGT). These include transformation (through the cell 50 membrane), transduction (through a vector), and conjugation (through cell-to-cell contact) 51 [Ochman and Lawrence 2000; Hanage 2016 ]. These processes can introgress adaptive genes to 52 distantly related species, creating specific regions of high genetic similarity. 53 It has often been suggested that HGT would blur the boundaries between species to the 54 extent that species phylogenies would be better represented by a net-like pattern than a tree 55 [Doolittle 1999 ]. This notion may have arisen when the methods for studying prokaryotic evolution 56 and species delineation were still rudimentary, making it challenging to accurately evaluate the rate 57 of HGT [Konstantinidis and Tiedje, 2007] . With ever-increasing numbers of bacterial whole-genome 58 sequences (WGS), it has become possible to re-evaluate bacterial species classification 59 was lower than 0.95 for inter-genospecies comparisons [Kumar et al. 2015] , these results confirm 119 that the genospecies should be considered genuinely distinct species constituting an R. 120 leguminosarum species complex (Figure 1a) . 121 122 Plasmids are not genospecies specific 123 The genome of R. leguminosarum consists of a chromosome and a variable number of low-124 copy-number plasmids, including two that can be defined as chromids due to their size, ubiquitous 125 presence across strains, and core gene content [Kumar et al. 2015; Young et al. 2006; Harrison et 126 al., 2010] . In order to characterize the plasmid diversity within this species complex, we examined 127 the sequence variation of a plasmid partitioning gene (repA) that is essential for stable maintenance 128 of nearly all plasmids in Rhizobium. From all 196 genomes, 24 distinct repA sequence groups were 129 identified. However, four of these correspond to isolated repA-like genes that are not part of repABC 130 operons, and twelve others were rare (in no more than four genomes), so eight repA types account 131 for nearly all plasmids identified (Figure 2; Table S4 ). We numbered them Rh01 to Rh08 in order of 132 decreasing frequency in the set of genomes. Of these, Rh01 All transitions in addition to the four expected would indicate introgression events, adding to the 145 introgression score (Figure S8) . Most gene groups displayed very low introgression scores of 0 and 146 1 (Figure 3a) , showing that introgression events were generally rare. At the other extreme of the 147 distribution, we identified 171 genes with an introgression score above 10, indicating that they 148 relatively frequently cross species boundaries (Figure 3b) . 149 150 Clustering genes using population structure-corrected LD 151 Gene order was variable across the species complex (Figure S9) . To understand the nature 152 of the genes displaying introgression, we therefore grouped them by linkage disequilibrium patterns 153 rather than relying on the gene order of a single reference strain. The Mantel test is used to compare 154 pairs of distance matrices, and here we used it to calculate intergenic LD by comparing genetic 155 relationship matrices (GRM) [VanRaden, 2008] . However, when population structure exists, this 156 approach suffers from inflation [Guillot and Rousset, 2013] , and we observed this effect in our data 157 as unexpectedly high levels of LD between plasmid-borne symbiosis genes and chromosomal core 158 genes ( Figure S11a) . To address this issue, we calculated a genetic relationship matrix based on all 159
SNPs and used it to generate pseudo-SNPs corrected for population structure for every gene (see 160
Material and Methods, Mangin et al., 2012) . We then compared the gene pseudo-SNP genetic 161 relationship matrices using the Mantel test in order to calculate intergenic LD. After this correction 162 for population structure, symbiosis genes and chromosomal core genes no longer appeared to be 163 in LD (Figure S11b) . We then proceeded to cluster the 171 genes that frequently crossed species 164 boundaries based on their LD patterns. The genes separated into four clusters, where LD blocks 1 165 and 2 comprised the plasmid-borne symbiosis genes, block 3 contained mainly chromosomal genes 166 and block 4 comprised three genes with a distinct LD pattern (Figure 3b, Figure S10 ). It is worth 167 noting that, because of our stringent criteria, the LD blocks detected by our method are just a 168 representation of some of the introgressed genes within each LD block region (Figure 4a protein, a phage shock protein PspA and others (Table S9, Figure 4a ). We also observed toxin-176 antitoxin (VapC/YefM) genes (group696 and group697) in LD with this cluster (Table S7) . However, 177
we did not find genes that could directly explain the mobility of this introgressed region. 178
The second largest cluster (Figure 3b , LD Block 3.2) comprised six genes including a LysR 179 family transcriptional regulator, an antibiotic biosynthesis monooxygenase, an 180 exopolyphosphatase, TPR repeat-containing protein and an ABC transporter ATP-binding protein. 181
To check whether the cluster could be in LD with genes that may explain its mobility, but which had 182 not been detected by the stringently filtered introgression analysis (see Material and Methods), we 183 extracted the genes in strongest LD with the six genes in the cluster 3.2 (Table S7) . Three genes 184 appeared to be in strong LD with at least one type IV secretion protein. The introgressing genes 185 were found in different genomic contexts, and are likely chromosomal core genes that have been 186 mobilised by different types of transfer systems (Figure 4b-d) . In SM3 and SM121B the introgressing 187 genes were downstream of a complete type IV secretion system, which resembles the 188 Agrobacterium tumefaciens AvhB system [Chen et al., 2002] (Figure 4b-d) . In SM170C and SM153D, 189 another type of mobility system containing mostly hypothetical proteins along with some DNA-190 rearrangement genes and integrases neighbored the introgressed genes (Figure 4d , Table S7 ). In 191 SM4 and SM100 the same core genes are present, but the transfer system has likely been lost. 192 193 Symbiosis gene introgression is driven by a few conjugative plasmids 194 Symbiosis genes were in the tail of the introgression score distribution (Figure 3a) , and a 195 detailed analysis of three symbiosis genes (nifB, nodC and fixT) confirmed these patterns of HGT 196 (Figure 5a-c). We also observed a complex LD pattern for the clusters comprising the symbiosis 197 genes (Figure 3b , LD block 1-2), which is consistent with the presence of multiple accessory genes 198 in distinct symbiosis plasmids within the species complex. To understand the mechanisms behind 199 sym-gene introgression we investigated the symbiosis plasmids further. Where the assembly was 200 complete enough to assign symbiosis genes to a specific plasmid, there was a clear pattern. 201
Genospecies A symbiosis plasmids are all Rh06, in gsB they are Rh07, gsC has mostly Rh04 but some 202 Rh07 and Rh08, gsD has Rh08, gsE has mostly Rh08 but some Rh06 and Rh07 (Figure 2; Figure 5d ; 203 Table S5 ). There are striking differences in the apparent mobility of these plasmids. Conjugal 204 transfer genes (tra and trb) are present in some Rh06 plasmids and in all Rh07 and Rh08 plasmids, 205 including those that are symbiosis plasmids. These transfer genes are all located together 206 immediately upstream of the repABC replication and partitioning operon, in the same arrangement 207 as in the plasmid p42a of R. etli CFN42, which has been classified as a Class I, Group I conjugation 208 system [Wetzel et al., 2015] . Some repA sequences of sym plasmids from strains of different 209 genospecies are identical or almost identical in sequence (Figure 5e and Figure S12 ). The 210 phylogenies of the corresponding conjugal transfer genes (e.g. traA, trbB and traG) show the same 211 pattern (Figure S13) , indicating that symbiosis plasmids have crossed genospecies boundaries 212 through conjugation. Rh08 is the most striking example (Figure 5e ), since all strains containing a 213
Rh08 sym-plasmid were found in an introgressed clade ( Figure S14) . We investigated the impact of 214 this plasmid on introgression by repeating the introgression analysis in the absence of strains 215 carrying Rh08. The mean introgression scores of all LD blocks decreased as a result of removing 216
Rh08, but did not fully drop to background levels ( Table 1) . By randomly excluding the same number 217 of strains and excluding them from the alignments we observed a slight decrease from 16.81 to 218 14.97 in the average introgression score across the 171 genes (Table S9) . When we excluded all of 219 the strains in the fixT introgressed clade (Figure 5c, Figure S14 ), which includes strains carrying Rh08 220 or Rh07, the introgression scores of the plasmid-borne LD blocks (Figure 3b , LD blocks 1 and 2) 221 decreased greatly, whereas the chromosomal genes (Figure 3b , LD block 3) were less affected ( Table  222 1). 223 224 Some fix genes show variation with respect to replicon location 225 Our LD analysis also singled out a small group of three genes that were in strong LD with 226 each other, showed no LD with the chromosomal cluster and limited LD with the symbiosis cluster 227 (Figure 3b GC content similar to that of the core genome, they do not show the high Tajima's D values we 231 found typical of the main symbiosis genes, and they show variation with respect to the replicon they 232 are associated with. In some strains, they are placed on symbiosis plasmids, in others they are 233 located in the chromosome; other strains have two copies of the gene placed in two different 234 genomic compartments ( Supplementary Table S5 ). The introgression signal is greatly reduced when 235 the fixT introgressed clade is removed ( The chromosomal and plasmid-borne genes that exhibited introgression were not in LD and 240 their mobility appeared to depend on different transfer systems. We wanted to investigate if the 241 differences between the two classes of genes displaying introgression extended to selection 242 signatures. We therefore calculated Tajima's D, which detects deviations from the expected level of 243 nucleotide diversity based on the number of segregating sites and pairwise differences within each 244 gene group. Across all 196 strains, only relatively few genes showed high Tajima's D values ( Table  245 S5) indicating deviations from neutral evolution. The genes within the symbiosis clusters (LD blocks 246 1-2) were prominent among these, making up to 57 out of the genes with the top 250 Tajima's D 247 scores. Since Rh08 appeared to have spread rapidly with very limited accumulation of diversity, this 248 plasmid could be the driver of the high Tajima's D observed for the symbiosis genes. Again, we 249 evaluated this by excluding Rh08-bearing strains from the analysis and re-calculating Tajima's D 250 ( Table 2, Table S9 ). We found that plasmid LD blocks (LD blocks 1 and 2) showed decreased Tajima's 251 D values on exclusion of Rh08 strains, while Tajima's D values for chromosomal genes (LD block 3) 252 were generally unaffected ( Table 2, Table S9 ). We then calculated Tajima's D values exclusively for 253 strains found in the introgressed clade (fixT, Figure 5c ), which includes both Rh08 and Rh07 carrying 254 strains. The resulting Tajima's D values for the symbiosis genes were negative, consistent with fewer 255 haplotypes than expected based on the number of segregating sites ( Table 2) . 256
Interestingly, after excluding all Rh08 strains or the clade of introgressed strains (Rh08 and 257 some Rh07), symbiosis genes still retained high Tajima's D values. This indicates that multiple 258 symbiosis gene haplotypes are also maintained at intermediate frequencies in the set of strains that 259 does not exhibit symbiosis gene introgression. Therefore, the elevated Tajima's D values can not be 260 attributed solely to the existence of distinct versions of mobile symbiosis plasmids that have spread 261 rapidly through the species complex. 262
Although the known symbiosis genes showed Tajima's D patterns that were distinct from 263 the average behavior of the genes in the plasmid-borne LD blocks, there were other genes in these 264 blocks that showed similar patterns ( the members of the R. leguminosarum species complex described here, requires the use of 275 phylogenetic methods that rely on gene trees derived from carefully constructed groups of 276 orthologous genes. Because of the clear grouping of our strains into five distinct species (Figure 1a) , 277 we chose a simplified phylogenetic tree-traversal approach. Counting the number of transitions 278 between genospecies on traversal proved to be a robust method for detecting introgression events, 279 as we detected the symbiosis genes, which were candidates a priori. In addition, the method 280 frequently detected groups of physically co-located and genetically linked genes, although the genes 281 were analysed independently (Figure 3b) . The method is mainly limited by the accuracy of the gene 282 trees and the level of differentiation between the species for each gene group, but we found that 283 filtering away genes with too few segregating sites was efficient in controlling the false positive rate. 284
Another limitation is that our approach requires gene groups of a certain size, meaning that it can 285 not be used to detect introgression of accessory genes present at low frequency within the 286 population. Here, we limited analysis of introgression to gene groups with more than 50 members. 287 288 Analysis of intergenic LD helps to resolve distinct introgression events Our introgression analysis clearly showed that genes travel across species boundaries within 307 the species complex. Perhaps the most surprising finding was that the vast majority of genes showed 308 no evidence of HGT, indicating that introgression events are rare. The sympatric, closely related 309 species were thus well-separated with respect to gene flow, and specialized, conjugative transfer 310 mechanisms appear to be required for genes to cross species barriers. We found that one of the 311 chromosomal introgressed regions (LD block 3.2) likely represented an ICE. The avhB gene cassette 312 and the traG gene of the type IV secretion system of this putative ICE resembles a conjugative Here, we have shown that species-specific clades still exist even among symbiosis genes 333 (Figure 5a-c) . In most species-specific clades, the genes were carried on a non-mobile symbiosis 334 plasmid (Rh04) (Fig S14) , suggesting that, in this species complex, symbiosis gene introgression was 335 only observed when the strain had a plasmid with a conjugation apparatus. We verified this by 336 characterizing the plasmid diversity within the strain pool. Symbiosis plasmids belong to a number 337 of plasmid types (Rh04, Rh06, Rh07 and Rh08), and phylogenetic evidence indicated that some of 338 them (Rh07 and Rh08) have been transferred through conjugation between different genospecies 339 (Figure 5e, Figure S12 ). These transfers are likely recent since many of the sequences (repA and tra There is introgression of fix genes that vary in genomic location 345 The genes that displayed introgression and were on symbiosis plasmids (LD blocks 1 and 2) 346
were not in LD with the introgressing chromosomal genes (LD block 3) (Figure 3) and they displayed 347 different selection signatures ( Table 2) , indicating that chromosomal and plasmid-associated 348 introgression events are independent. LD block 4 was atypical, because it contained putative 349 symbiosis genes that showed variation with respect to replicon location and were conspicuously 350 absent from the immobile symbiosis plasmid Rh04 (Table S5 ). These genes are part of the 351 fixNOQPGHIS cluster, and it is known that this set of genes is essential for symbiotic nitrogen 352 fixation, but that a single copy is sufficient [Young et al., 2006 ]. Nevertheless, their high GC content 353 and frequent chromosomal location indicates that these are core genes that have been co-opted 354 into a symbiotic role. Consistently, they show introgression when a copy has been acquired by one 355 of the mobile types of symbiosis plasmid. This suggests that they have been mobilized as a 356 consequence of their symbiotic function, perhaps because they confer an advantage when 357 transferred to a recipient that does not have an optimal fixNOQPGHIS cluster for symbiosis. The 196 strains characterized here were all collected from clover root nodules, and the 379 colonisation of nodules is a bottleneck that imposes strong selection. We see that certain 380 haplotypes of symbiosis-related genes have introgressed across multiple genospecies, implying that 381 these genes provide a fitness benefit that is largely independent of the genomic background. 382
However, this pattern of selection appears to be exceptional, because the number of other genes 383 that showed a similarly high introgression signal was very limited. Most of the thousands of 384 accessory genes in the gene pool are not strongly introgressing, suggesting that they are 385 contributing to the adaptive differences that presumably distinguish the different genospecies. 386
Judging from our results, the high mobility of symbiosis genes, extensively documented in the 387 literature, is not typical of the accessory genome in general. 388 389 Conclusions 390
Using new methods for detection of introgression events and intergenic LD analysis, we 391 carried out an unbiased investigation of introgression within an R. leguminosarum species complex. 392
We found that introgression was generally very limited, with most genes displaying genetically 393 distinct, species-specific variants. Striking exceptions are the genes located on symbiosis plasmids, 394 especially the symbiosis genes, and a limited number of chromosomal islands, which appear to 395 travel across species boundaries using conjugative transfer systems. The plasmid and chromosomal 396 introgression events are independent and subject to different selective pressures, and some genes 397 appear to move both between species and between replicons. isolates were sampled. In total 249 strains were isolated from T. repens nodules. For each site the 409 clover varieties were known, and representative soil samples from clover-free patches were 410 collected and sent for chemical analysis. Furthermore, latitude and longitude data were collected 411 (Table S1) . were cleaned and assembled further, one strain at a time, using a custom Python script (Jigome, 421 available at https://github.com/jpwyoung/genomics). First, low-coverage contigs were discarded 422 because they were mostly contaminants from other genomes sequenced in the same Illumina run. 423
The criterion for exclusion was a SPAdes k-mer coverage less than 30% of the median coverage of 424 putative single-copy contigs (those > 10kb). Next, putative chromosomal contigs were identified by 425 the presence of conserved genes that represent the syntenic chromosomal backbone common to 426 all R. leguminosarum genospecies. A list of 3215 genes that were present, in the same order, in the 427 chromosomal unitigs of all eight of the PacBio assemblies was used to query the Illumina assemblies 428 using blastn (≥90% identity over ≥90% of the query length). In addition, contigs carrying repABC 429 plasmid replication genes were identified using a set of RepA protein sequences representing the 430 twenty distinct plasmid groups found in these genomes (tblastn search requiring ≥95% identity over 431 ≥90% of the query length). A 'contig graph' of possible links between neighbouring contigs was 432 created by identifying overlaps of complete sequence identity between the ends of contigs. The 433 overlaps created by SPAdes were usually 127 nt, although overlaps down to 91 nt were accepted. 434
Contigs were flagged as 'unique' if they had no more than one connection at either end, or if they 435 were > 10 kb in length. Other contigs were treated as potential repeats. The final source of 436 information used for scaffolding by Jigome was a reference set of R. leguminosarum genome 437 assemblies that included the eight PacBio assemblies and 39 genomes publicly available in GenBank. 438 A 500-nt tag near each end of each contig, excluding the terminal overlap, was used to search this 439 database by blastn; high-scoring matches to the same reference sequence, with the correct spacing 440 and orientation, were subsequently used to choose the most probable connections through repeat 441 contigs. Scaffolding was initiated by placing all the chromosomal backbone contigs in the correct 442 order and orientation, based on the conserved genes that they carried, and extending each of them 443 in both directions, using the contig graph and the pool of remaining non-plasmid contigs, until the 444 next backbone contig was reached or no unambiguous extension was possible. Then each contig 445 carrying an identified plasmid origin was similarly extended as far as possible until the scaffold 446 became circular or no further extension was justified, and unique contigs that remained 447 unconnected to chromosomal or plasmid scaffolds were extended. Finally, scaffolds were 448 connected if their ends had appropriately spaced matches in the reference genomes. Scaffold 449 sequences were assembled using overlap sequences to splice adjacent contigs exactly, or inserting 450 an arbitrary spacer of twenty "N" symbols if adjacent contigs did not overlap. The dnaA gene (which 451 was the first gene in the chromosomal backbone set and is normally close to the chromosomal origin 452 of replication) was located in the first chromosomal scaffold, and this scaffold was split in two, with 453 chromosome-01 starting 127 nt upstream of the ATG of dnaA and chromosome-00 ending 454 immediately before the ATG. The remaining chromosomal scaffolds were numbered consecutively, 455 corresponding to their position in the chromosome. Plasmid scaffolds were labelled with the 456 identifier of the repA gene that they carried. Scaffolds that could not be assigned to the 457 chromosome or a specific plasmid were labelled 'fragment' and numbered in order of decreasing 458 size. Subsequent analysis revealed large exact repeats in a few assemblies. These were either 459 internal inverted repeats in the contigs created by SPAdes (5 instances) or large contigs used more 460 than once in Jigome assemblies (18 instances). They were presumed to be artifacts and removed 461 individually. Assembly statistics were generated with QUAST (v 4.6.3, default parameters) 462 [Gurevich et al, 2013 ]. ( Figure S3 ). Genes were predicted using PROKKA (v 1.12) [Seemann, 2014] . 463
In summary, genomes were assembled into [10-96] scaffolds, with total lengths of [8355366-464 6967649] containing [6,642-8,074] annotated genes, indicating that we have produced assemblies 465 of reasonable quality, which comprehensively captured the gene content of the sequenced strains 466 ( First, gene groups were aligned with their neighbourhoods (20 genes each side) using a modified 484 version of the Needleman-Wunsch algorithm [Needleman and Wunsch, 1970] . We counted the 485 number of gene neighbours that were syntenic across strains before a collinearity break. We used 486 this score to disambiguate gene groups that contain paralogs. Paralogs are the result of gene 487 duplication, and as such one of the paralogs is the original, and the rest are copies. Based on 488 similarity, we kept the least divergent gene inside of the original homology group while removing 489 the copied paralogs, if possible into a new gene group designated group name "-"2. Orphan genes 490 that were present only in one strain, were removed from the analysis. 491 492 Variant Calling 493 Codon-aware alignments were used in order to detect single nucleotide polymorphisms (SNPs). For 494 a given gene alignment and position, we first counted the number of unique nucleotides (A, C, T, G). 495
Sites containing 2 unique nucleotides were considered variable sites (bi-allelic SNPs). After finding 496 variable sites, SNP matrices were encoded as follows: major alleles were encoded as 1 and minor 497 alleles as 0. Gaps were replaced by the site mean. Later steps were executed in order to filter out 498 unreliable SNPs. We restricted the analyses to genes found in at least 100 strains. By looking at the 499 variants and their codon context, we excluded SNPs placed in codons containing gaps, or containing 500 more than one SNP, or with multi-allelic SNPs. Based on these criteria we ended up with 6,529 out 501 Since all sequenced strains were isolated from white clover nodules, they are expected to carry the 518 canonical symbiosis genes. One strain, SM168B, carried no symbiosis genes. Subsequent nodulation 519 tests showed that the strain could colonize white clover and produce pink nodules, suggesting that 520 the genes were lost during the pre-sequencing processing. On the other hand, strains SM165B and 521 SM95 were found to have duplicated symbiosis regions. (Table S4 ). We took advantage of these for detecting introgression events by generating and 531 traversing gene trees for each of the gene groups. Individual gene trees were first constructed using 532 the neighbor-joining clustering method (software RapidNJ version 2.3.2) [Simonsen and Pedersen 533 2011]. Each tree was traversed based on depth first traversal algorithm [Tarjan, 1972] by visiting 534 each node after visiting its left child and before visiting its right child, searching deeper in the tree 535 whenever possible. When the leaf of the tree was reached, the strain number and its genospecies 536 origin were extracted. A list containing the genospecies was stored for the entire tree. The 537 introgression score was computed as following: 538
Introgression score = number of shifts -set(genospecies) + 1 539
The introgression score evaluates the number of times a shift (from one genospecies to another) is 540 observed in a branch. The minimum possible is the total number of genospecies -1 shifts. A tree 541 congruent to the species tree would have a introgression score equal to zero (Figure S8) . The covariance ̂ between individuals was calculated as follows: 549
Let denote the total number of individuals and the total number of markers, the full genotype 550 matrix ( ) has dimensions with genotypes encoded as 0's and 1's. For simplicity, each SNP 551 information is looked as vectors, ( , ) = 1, . . . , . 552
The first step of the calculations was to apply a Z-score normalization on the SNP vectors by 553 subtracting each vector by its mean and divide it by its standard deviation( − ).
554
We then computed the covariance matrix between individuals as follows. 555
( ), can also be computed by the dot product of the genotype matrix: 557
The result is an matrix, where N is the number of strains. This matrix is also known as Genomic 559
Relationship Matrix (GRM) [VanRaden, 2008] . We then decomposed the GRM matrix using linalg 560 function of scipy (python library). 561 562 Then the 'decorrelation' of genotype matrix was done by multiplying by the inverse of the 563 square root of ̂ as follow: 564 =̂− 1/2 565 is therefore the pseudo SNP matrix, which is corrected for population structure. 566
The correlation between genes matrices was obtained by applying mantel test on the GRM (genetic 567 distances) between pairs of genes: 568
For a data set composed of a distance matrix of gene X ( ) and a genetic distance matrix of gene 569 Y ( ), it was computed the scalar product of these matrices adjusted by the means and variances 570 ( ( ) ( )) of the matrices X and Y: 571
The standardized Mantel test is actually the Pearson correlation between the elements of genes X 573 and Y. Competing interests 595 The authors declare that they have no competing interests. 596 597
Availability of data and materials 598
The data that support the findings of this study are available in the INSDC databases under 599
Study/BioProject ID PRJNA510726. Accessions numbers are from SAMN10617942 to 600 SAMN10618137 consecutively and are also provided in the Supplementary table S10.  601 Gene alignments SNP data and metadata can be downloaded from the following folder: 602 https://www.dropbox.com/sh/6fceqmwfa3p3fm6/AAAkFIRCf7ZxgO1a4fHv3FeOa?dl=0 603 604 Tables   605   Table 1 . Mean introgression score with and without introgressed clade. 606
LD block
Introgression score all strains Figure S12 : Phylogenetic analysis of the repA gene of plasmid type Rh07. DKO represents strains sampled from Danish organic fields, DK from Danish conventional trials. A complete set of conjugal transfer genes has the following genes upstream of repA: traI,trbBCDEJKLFGHI,traRMHBFACDG, with the origin of transfer (oriT ) between traA and traC. Partial sets are broken by the end of the scaffold, mostly after traM. 
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Figure S13: Phylogenetic trees of tranfer genes (tra) essential for the conjugation process. These genes are found in strains containing the plasmid Rh08, which is the sym-plasmid for some of the strains. A complete set of conjugal transfer genes has the following genes upstream of repA: traI,trbBCDEJKLFGHI,traRMHBFACDG.)
